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Although prior studies have suggested that overweight and obesity in childhood are associated with poorer functional movement
performance, no study appears to have examined this issue in a pediatric population. The relations between BMI, ambulatory
physical activity and functional movement screen (FMS) performance were compared in 58, 10-11-year-old children. Total FMS
score was signiﬁcantly, negatively correlated with BMI(P = .0001) and positively related to PA(P = .029). Normal weight children
scored signiﬁcantly better for total FMS score compared to children classiﬁed as overweight/obese (P = .0001). Mean ± S.D. of
FMS scores were 15.5 ± 2.2a n d1 0 .6 ± 2.1 in normal weight and overweight/obese children, respectively. BMI and PA were also
signiﬁcant predictors of functional movement (P = .0001, Adjusted R2 = .602) with BMI and PA predicting 52.9% and 7.3%
of the variance in total FMS score, respectively. The results of this study highlight that ambulatory physical activity and weight
status are signiﬁcant predictors of functional movement in British children. Scientists and practitioners therefore need to consider
interventions which develop functional movement skills alongside physical activity and weight management strategies in children
in order to reduce the risks of orthopaedic abnormality arising from suboptimal movement patterns in later life.
1.Introduction
Overweight and obesity in childhood are recognised as a
major health problem worldwide [1] and while considerable
data have been published relating to inﬂuences such as
sedentary behaviour and nutritional habits on weight status,
there is a dearth of information pertaining to the structural
and functional limitations of excess weight in adults [2, 3],
with even less data in children. This is despite authors
noting that children display alterations to their functional
movement as a consequence of excessive weight [2]a n d
suboptimal movement patterns found in overweight and
obesity can seriously impede daily physical activity level
and limit functional performance [3, 4]. The concern here
is that an inability to complete fundamental daily tasks
coupled with excessive and prolonged loading of tissues in
childhood may lead to orthopaedic abnormality in later
life.Therefore,minimizingjointdeteriorationfromexcessive
joint loading or impaired movement patterns evident in
obese and overweight children should be treated at the
earliest opportunity [5]. However, no study appears to have
examined these associations in children. Therefore, the aim
of this study was to examine relations between habitual
physical activity, functional movement patterns, and weight
status in children.
2.MaterialsandMethods
2.1. Participants. Following institutional ethics approval,
ﬁfty-eight children (29 boys and 29 girls, 86% Caucasian)
from a primary school in Central England volunteered and
returned signed parental informed consent forms to partic-
ipate in the study. Children were from school year 6 (aged
10-11years) and were predominantly Caucasian (81%). The
mean age (SD) of the children was 10.7 (0.4) years. The
school the children was drawn from was in an urban area2 Journal of Obesity
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Figure 1: Scattergraph illustrating the relationship between; (a) FMS score and BMI and (b) FMS score and physical activity in British
children.
of the city of Coventry and was located in the least deprived
ward in the city with an average household income of
£43,842 in comparison to £31,695 for the city average.
2.2. Procedures
2.2.1. Anthropometry. Body mass (kg) and height (m) were
measured using a Stadiometer and weighing scales (Seca
Instruments, Germany, Ltd) prior to the monitoring period.
From this, body mass index was determined as kg/m2. Chil-
dren were classiﬁed as normal weight (68.4%) and over-
weight/obese (31.6%) according to IOTF criteria [6].
2.2.2. Physical Activity Assessment. Physical activity was as-
sessed using a sealed, piezoelectric pedometer (New Life-
styles, NL2000, Montana, USA) worn over four days (2
× weekdays and 2 × weekend days) in accordance with
recommendations for the assessment of physical activity in
children [7] and using protocols previously described [1].
Across the measurement period, the children completed a
brief survey to verify that the pedometers were worn for the
entire time of the study. Survey results were used to identify
participants who reported removing the pedometer for ≥1h,
resulting in three exclusions from the data set, similar to
other studies [8].
2.2.3. Functional Movement Assessment. The Functional
Movement Screen (FMS) is a preparticipation screening
tool which evaluates the fundamental movement patterns
that underpin performance of all movement [9, 10]. The
FMS consists of seven tests which challenge an individual’s
ability to perform basic movement patterns that reﬂect
combinationsofmusclestrength,ﬂexibility,rangeofmotion,
coordination, balance, and proprioception [9, 10]. The FMS
was administered by a trained rater using standardised
procedures, instructions, and scoring processes [9, 10]. Each
participant was given 3 trials on each of the seven tests
(deep squat, hurdle step, in-line lunge, shoulder mobility,
active straight leg raise, trunk-stability push-up, and rotary
stability) in accordance with recommended guidelines [9,
10]. Each trial was scored from 0 to 3 with higher scores
reﬂecting better functional movement. For each test, the
highest score from the three trials was recorded and used to
generate an overall composite FMS score with a maximum
value of 21 and in accordance with recommended protocols
[9, 11].
2.3. Data Analysis. Relationships between total FMS score,
BMI and PA (average steps/day) were analysed using Pear-
son’s product moment correlations. A 2 (Gender) × 2
(weight status: normal weight versus overweight/obese) ×
2 (PA: children meeting/not meeting the health related
steps/day cut oﬀ (8)) analysis of variance (ANOVA), using
backwards elimination to achieve a parsimonious solution,
was employed to examine any diﬀerences in functional
movement (FMS score) according to gender, weight status,
and physical activity. Where any signiﬁcant diﬀerences
were detected, Bonferroni post-hoc multiple comparisons
were used to detect where these diﬀerences lay. Multiple
linear regression was also employed to predict functional
movement (FMS score) from BMI and Physical activity.
Statistical signiﬁcance was set a priori as P = .05.
3. Results
Total FMS score was signiﬁcantly, negatively correlated with
BMI (r =− .806, P = .0001, See Figure 1(a))a n dp o s i t i v e l y
related to PA (r = .301, P = .029, see Figure 1(b)).
Furthermore, ANOVA found a signiﬁcant main eﬀect for
weight status (F 1, 53 = 50.4, P = .0001) for total FMS
score with normal weight children scoring signiﬁcantly
better than their overweight and obese peers (Mean Diﬀ
= 4.941, P = .0001, see Figure 2). Mean ± S.D. of FMS
scores were 15.5 ± 2.2a n d1 0 .6 ± 2.1i nn o r m a lw e i g h t
and overweight/obese children, respectively. Multiple linear
regression also revealed a signiﬁcant predictor model (F 2,
53 = 40.369, P = .0001, Adjusted R2 = .602) whereby BMI
and physical activity (average steps/day) predicted 60.2%Journal of Obesity 3
Table 1: Mean ± S.D. of total FMS score, physical activity (average steps/day), and BMI between gender and weight status groups.
Total FMS score Physical activity BMI
(0–21) (Avg steps/day) (kg/m2)
Mean S.D. Mean S.D. Mean S.D.
Boys (n = 29) 13.5 3.4 17480 4818 19.9 4.7
Girls (n = 29) 14.5 2.8 15259 3585 19.1 2.9
Normal weight (n = 39) 15.5 2.2 17078 4009 17.5 1.7
Overweight/obese (n = 19) 10.6 2.1 14522 4602 23.3 0.9
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Figure 2: Mean ± S.D. of total FMS score between children
classiﬁedasnormalweightandoverweight/obeseaccordingtoIOTF
criteria (∗P = .0001).
of the variance in functional movement score. However,
BMI was a stronger predictor (β =− .712, P = .0001)
of functional movement predicting 52.9% of the variance
in total FMS score in comparison to physical activity (β =
1200.0, P = .03) where average steps/day predicted 7.3% of
the variance in FMS score. Mean ± S.D. of total FMS score,
PA (average steps/day), and BMI between gender and weight
s t a t u sg r o u p sa r ep r e s e n t e di nTable 1.
4. Discussion
Results of this study suggest that functional movement is
related to weight status and habitual physical activity, with
weight status having a stronger association with functional
movement in this population. In this case although BMI
and physical activity were both signiﬁcant predictors of
functional movement predicting 60.2% of the variance in
FMS score, BMI alone predicted 52.9% of this variance
in comparison to physical activity, where average steps/day
predicted 7.3% of the variance in FMS score. This study
supports prior research in adults which has suggested that
excess weight results in functional limitations [2, 3]a n d
assertions that children display altered functional move-
ment as a consequence of excess weight [2]. The positive
association seen between FMS score and habitual physical
activity in the present study supports prior assertions that
the lack of physical activity is associated with the lack of
functional movement skills in adults [4]. However, in the
context of the present study and population examined,
it is possible that functional limitation may have existed
prior to overweight/obesity. As such, excess weight and/or
functional prowess are the result of natural selection since
children who are functionally limited will remain inactive
and will not develop the fundamental movement patterns
that underpin performance to the same level of mastery as
children who do not have a functional limitation. In the
same way, children who are not functionally limited may
more likely enjoy physical activity and thus, engage in more
regular practise of the fundamental movement patterns that
underpin performance. These children will consequently
become more proﬁcient in performance of fundamental
movement patterns resulting in greater physical self eﬃcacy
and increased likelihood of participation in physical activity.
To the authors knowledge this is the ﬁrst study to examine
associations between weight status, physical activity, and
FMS in a pediatric population. The data presented here are
however, important as they highlight those children who are
overweight/obese present maladaptive movement patterns
needed to accomplish tasks of daily life. Over time, these
movement patterns coupled with the eﬀect of excess weight
onjointloadingarelikelytoleadtoorthopaedic abnormality
in later life [4]. Moreover, such suboptimal movement
patterns can prevent individuals from undertaking health
enhancing physical activity [4].
There are several proposed mechanisms for the impact of
overweight and obesity on functional movement. However,
these suggestions have tended to be based on studies in adult
populations with few studies examining this issue in children
and adolescents. One suggestion is that overweight and
obesity lead to alterations in the musculoskeletal system that
placeoverweightindividualsathigherriskofmusculoskeletal
pain [4, 12]. Such pain may then result in restricted
range of movement and/or lower levels of physical activity.
One study by Messier et al. [12] showed that a weight
loss of approximately 5% following a combined diet and
exercise programme improved physical function, mobility,
and reduced pain in overweight and obese adults with
osteoarthritis. However, musculoskeletal pain is considered
a chronic condition that is less likely to aﬀect children. Some
studies in children and adolescents [13, 14]h a v ee v i d e n c e d
changes in foot structure and plantar pressure distribution,
as a result of structural adaptation to excess weight, which
wassuggestedtoleadtofunctionalmovementcomplications.
Likewise, research by Zoico et al. [15], with older adults, has4 Journal of Obesity
concluded that a BMI of 30kg m2 or greater is signiﬁcantly
associated with functional limitation. However, Stenholm et
al. [16] has further suggested that it is the ratio of fat free
mass (FFM) to body mass which is important as individuals
with higher FFM are more likely to be functionally proﬁcient
than those with lower FFM. However, while these studies
were conducted with older adults, there is a lack of data
examining the association between BMI, FFM, muscle
strength, and functional movement in children [4]. Future
research would therefore be welcomed in this area.
Similarly, only one other study to date [17]h a sr e p o r t e d
speciﬁcally on the use of the Functional Movement Screen in
a pediatric population. Burton et al. [17] reported that, in a
sample of 39 middle school children, there were signiﬁcantly
highertotalFMSscoresingirlscomparedtoboys,principally
due to better performance in the deep squat, in line lunge,
straight leg raise, and shoulder rotation. They concluded
that girls exhibit superior quality in functional movement
compared to boys but suggested that it was important to
develop musculoskeletal interventions to improve functional
movement in children and adolescents. However, although
Burton et al. [17] did not account or control for variation
in weight status in their study making it diﬃcult to draw
parallels with the current study, the range of total FMS scores
reportedintheirstudy[17]issimilartothosedocumentedin
thisstudy.However,therewasnogenderdiﬀerencefoundfor
FMS score in the present study but as Burton et al. [17] did
not assess or control for weight status it is diﬃcult to draw
parallels between the two studies.
Irrespective of whether it is functional limitation that
results in lack of physical activity and increases in over-
weight/obesity or whether lack of physical activity and
overweight/obesity leads to suboptimal movement, the data
present here support the need for interventions to increase
habitual physical activity and improve functional movement
in British children generally but those who are overweight
and obese speciﬁcally. It is also important to note that there
may be other factors which inﬂuence performance of the
functional movement screen in children such as motivation
to perform the movement patterns and particularly motor
learning. Although the children in the present study had
been familiarized with the movements involved in the FMS,
itmaybethattherearepracticeeﬀectsintheFMS.Nostudies
to date have examined this issue and the recommended
protocols were followed when administering the FMS into
the current study. However, future research examining the
eﬀects of motor learning on performance of the FMS would
be useful in elucidating this area further.
In respect to the clinical signiﬁcance of the current
study, the results present here do not necessarily suggest a
clinical need for those children exhibiting poor functional
movement at their present age. The worry, however, is that if
suboptimal movement patterns, present in children who are
overweight/obese, persist into adolescence and adulthood,
this will lead to a range of musculoskeletal problems of
clinical signiﬁcance. This includes a range of factors includ-
ing knee osteoarthritis, early need for hip replacement and
chronicpain,inadditiontolimitationsintasksofdailyliving
(see [4] for a review). Thus, in overweight/obese children
who exhibit suboptimal functional movement, interventions
aimed at improving the quality of functional movement
via weight loss and/or increases in physical activity energy
expenditure may oﬀset more severe clinical implications in
later life.
Considering the association between physical activity
and FMS found in this study, it may be that the relationship
between physical activity and weight status is magniﬁed
as children become older if their weight is not managed,
resulting in further reduction in physical activity, functional
movement, or both. This suggestion is, however, speculative
and further research is needed to verify this claim. This
exploratory study is also limited by a small sample size
and larger scale studies would be welcomed to verify the
claims made here. In addition, cause and eﬀect in relation
to physical activity and functional movement could not be
determined in the present sample.
5. Conclusion
The results of this study do, however, highlight that ambu-
latory physical activity and weight status are signiﬁcant
predictors of functional movement in British children. In
the current study weight status had a greater inﬂuence on
functionalmovementcomparedtophysicalactivityandchil-
dren who were classiﬁed as overweight/obese demonstrated
signiﬁcantly poorer functional movement than children
classiﬁed as normal weight.
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